We report a strategy for fabrication of 3D triangular GaN nano prism islands (TGNPI) grown on Ga/Si(553) substrate at low temperature by N 2 + ions implantation using a sputtering gun technique. The annealing of Ga/Si(553) (600°C) followed by nitridation (2 keV) shows the formation of high quality GaN TGNPI crosssection. TGNPI morphology has been confirmed by atomic force microscopy. Furthermore, these nano prism islands exhibit prominent ultra-violet luminescence peaking at 366 nm upon 325 nm excitation wavelength along with a low intensity yellow luminescence broad peak at 545 nm which characterizes low defects density TGNPI. Furthermore, the time-resolved spectroscopy of luminescent TGNPI in nanoseconds holds promise for its futuristic application in next generation UV-based sensors as well as many portable optoelectronic devices.
Introduction
Recently, 3D triangular gallium nitride (GaN) nano prism islands (TGNPI) have been shown to play a seminal role in optically active nanoscale materials for several optoelectronic and optical sensing device applications. 1, 2 For example, GaN nano prism island based devices can be grown directly on silicon substrates. 1 Fundamentally, GaN, a constituent of the III-V family, is a wide band gap nitride semiconductor with direct band gap of 3.39 eV at room temperature. 3 GaN has a lower work function of 4.1 eV, high thermal stability, mechanical hardness, chemical stability with a lower electron affinity of 2.7-3.3 eV. 4 Therefore, GaN may be a promising material for many optoelectronic devices such as laser diodes, light-emitting diodes, UV-based sensors and high-power electronics applications. Nowadays, 3D islands are formed using the heteroepitaxy technique; in primarily growth stages have very significant influences on film qualities and it is a subject of interest to explore their optical properties. The stringent criteria for high quality films have motivated intense research interest on island shaping and shape variations for developing high performance future miniature devices. 1, 5 However, island shaping is critically dependent on orientation of substrates and growth conditions. Currently, the topic of 3D shaped island morphologies of a nano-crystalline nature have become an important aspect of research due to their technological significance as well as their potential applications in the fabrication of 3D ordered arrays of nanoscale smart optoelectronic devices. 5 For example, the photoluminescence of GaN nanostructures in the ultraviolet (UV) has been observed to be dependent on the growth direction of GaN. 6 For successful design of the device, a better growth quality with a prominent nanostructure is highly desired. A variety of techniques for GaN growth have been employed including the extensively used techniques such as vapour-liquid-solid (VLS), 7, 8 metal-organic chemical vapour deposition (MOCVD) 9 and molecular beam epitaxy (MBE). 7, 10 In the present investigation, the sputtering gun technique has been employed for GaN synthesis which is a relatively inexpensive and simpler technique that offers the possibility of growth at a lower substrate temperature. 11, 12 This technique has a different growth mechanism than evaporation deposition where substances are deposited on or forced into a lattice without chemical reaction. Generally, the temperature of the metal target is key for metal nitride formation. For the growth of shape oriented nanostructures, the catalyst is used for the growth of various types of metal nitride nanostructures such as nanocolumns or nanorods. The existence of a catalyst in the metal nitride nanostructure serves as an impurity that could be undesirable for device fabrication. may be possible by pre-annealing of metal/substrate systems such as gallium on a suitable substrate and is discussed in the present investigation. In order to explore spectroscopic properties, photoluminescence (PL) is a direct optical tool to probe intrinsic material properties (electronic energy band structure, shape, strain, surface defect etc.) and the sensitivity of the nanostructure to environmental changes. The probability of a material to exhibit an intrinsic band structure and other internal/external defects have been studied previously. 13 We have performed steady state and time-resolved photoluminescence (TRPL) measurements to determine the high quality, strain free material. The photoluminescence emission of GaN is mainly due to either near band gap excitonic emission or due to structural defects as well as the presence of internal/external impurities. In some previous reports, the observed PL spectra are attributed due to the presence of defect induced impurities in the sample that are involved in the synthesis process like other syntheses of BN. 14 Normally, impurity associated defects and donor acceptor states may be formed within the GaN band gap, leading to the PL in the visible region (yellow emission). Therefore, it is of fundamental interest to explore and analyse the structure to ensure the quality of GaN film for thin film based devices. TRPL is a non-destructive and commanding technique generally used for optical characterisation of semiconductors to explore their transition behaviour. The PL decay life-time is an important parameter related to the quality of the material and its performance which can be studied using TRPL spectroscopy and is relevant particularly to applications such as optical displays, optical sensors and clinical diagnostic and bio-imaging etc.
14 Herein, we have successfully synthesized 3D TGNPI from the Ga/Si(553) system at a low growth temperature by N 2 + ions implantation using a sputtering gun technique. Fabrication of 3D triangular GaN nano prism islands with detailed spectroscopy has not been reported in the literature previously to the best of our knowledge and forms the main novelty of our findings. TGNPI has been characterized by several techniques such as XRD (X-ray diffraction), SEM (scanning electron microscopy), Raman, FTIR (Fourier transform infrared spectroscopy), AFM (atomic force microscopy) and photoluminescence spectroscopy. In addition to this, we have also demonstrated time-resolved spectroscopy of luminescent TGNPI in nanoseconds regimes which is highly desirable for GaN based high-performance devices and ultra-fast optical sensors.
Experimental

Growth of TGNPI
Prior to the formation of GaN, the kinetically controlled growth of a few monolayers of Ga metal on a high index stepped Si(553) surface at room temperature along with residual thermal desorption has been reported earlier by our group. 15 In the present investigation, the growth of GaN is performed by pre-depositing Ga on a Si(553) surface followed by nitridation, where initial stable (111) 6 × 6 + modified (331) superstructural phases were observed. This was assumed to act as a nucleation site for the growth of GaN nanostructures via nitridation. During the nitridation process, it is difficult to capture an intermediate superstructural phenomenon which is proposed in the present investigation.
Characterization
The formation of TGNPI on a stepped Si(553) surface has been carried out in an UHV system (Varian-VT112) equipped with Auger electron spectroscopy (AES), and low energy electron diffraction (LEED), sputtering gun and residual gas analyzer (RGA) operated at a base pressure of 5 × 10 −11 Torr. A modified Shiraki process was adopted for ex situ cleaning of the sample ( p-type, B-doped, resistivity 0.5 Ω cm −1 , size ∼20 × 8 × 0.35 mm 3 ) followed by in situ annealing at 600°C (∼6 h), flashing at 1100°C (to remove the native oxide layers) and slowly cooling to room temperature (RT). The sample temperature was monitored using a W-Re (5%-25%) thermocouple fixed on the clamp. A homemade tantalum Knudsen cell was used to evaporate Ga metal (CERAC, 99.999%) by circulating the current to control the evaporated material flux. Subsequent nitridation of the deposited Ga layers was carried out using a sputter ion gun with 2 keV low energy nitrogen (N 2 + ) ion (LENI) at different substrate temperatures (RT-650°C) leading to the formation of the GaN compound. However, for temperatures >600°C the desorption rate of Ga was quite high so the amount of GaN formation was significantly reduced. The gross structure analysis as well as the crystalline nature of all the GaN nanostructures (grown at RT, 450, 600°C) were carried out by a PANalytical high-resolution X-ray diffraction (HR-XRD) instrument using CuKα 1 radiation (λ = 1.5406 Å) in a scattering range (2θ) of 30-50°with a scan rate of 0.02°s −1 and a slit width of 0.1 mm. Fourier transform infrared (FTIR) spectra have been recorded on a Nicolet 5700 instrument in transmission mode and a wavenumber range 400-1000 cm −1 with a resolution of 4 cm −1 performing 32 scans. Raman studies were carried out using a Renishaw inVia Raman spectrometer with an excitation source of 514.5 nm wavelength. The XPS measurements of GaN/Si(553) were performed on an Omicronmultiprobe surface analysis system using a MgK α X-ray source (1253.6 eV). Core level (CL) spectra of Ga (3d), N (1s) have been fitted by using Shirley background and Gaussian line shape. The position of the valence band maximum was calculated by extrapolating a linear fit to the leading edge of the fitted valence band spectra. Binding energies were calibrated against the binding energy of the standard C (1s) peak at 284.6 eV as well as gold which was deposited on a small portion of the sample and used as a standard to account for any kind of shift due to charging and other factors. Furthermore, the morphology of the as-grown GaN nanostructures (that is, confinement of carriers in low dimensional structures) with associated defects can affect the material properties. Therefore, the GaN nanostructures morphology and the associated defects can be effectively probed using AFM and PL measure-ments. The surface morphology of the GaN/Si(553) surface was analysed by a NT-MDT Solver Pro-Atomic Force Microscope (AFM). PL characterization was carried out using luminescence spectrometry (Edinburgh, FLSP-920) with a xenon flash lamp as the source of excitation as well as TRPL being recorded using a time correlated single photon counting technique with an Edinburgh FLSP-920 instrument equipped with a steady state and time-resolved luminescence spectrometer, using a picoseconds He-Cd laser (325 nm) as the source of excitation.
Results and discussion
TGNPI were grown on a stepped Si(553) surface by depositing Ga metal followed by energetic N 2 + ion interaction as shown in Fig. 1(a) . The actual set up used for the synthesis of GaN TGNPI is shown in ESI (see Fig. S1 †). In the 2D (two dimensional) TGNPI shaping, the formation of triangular islands is proposed to form on either fcc (111) or hcp (001) which is further confirmed by gross structural analysis. The self organization of 3D-islands occurred during the in situ sputtering/ annealing process of GaN prepared on a Si(553) substrate. The distinct triangular islands are supposed to be uniform and aligned with sharp triangular corners which is further evidenced by an actual AFM micrograph. The origin of the triangular shape TGNPI can be explained via simple techniques: during the sputtering process, initially GaN is formed due to energetic nitridation by nitrogen ions which first diffuses through the deposited Ga surface and segregated on the surface of gallium deposited layer which converts into nuclei centres of GaN prismatic basal plane nuclei. As we know, the process is continuous where sputtering and annealing are simultaneously present under a nitrogen ion environment. Afterwards the unstable molecule of GaN further decomposes and reconstructs to form a prismatic basal plane at different nuclei through gas phase transport to form newly shaped islands. The adatoms attached to the island edges may also effectively migrate along the island peripheries especially, when the island size is small (∼100 nm) and the Ga adatoms diffusion is enhanced. Therefore, the island shaping is determined by the competition between the growth rate of the island edge facet via decomposition and re-construction of the Ga adatom. The cross section view of the wurtzite GaN phase which is the basic building block of TGNPI is shown in Fig. 1(b) . HRXRD analysis is performed to examine the crystal structure and phase purity of GaN nanostructures grown under different conditions (RT, 450 and 600°C). Fig. 2 (a) exhibits hexagonal wurtzite GaN reflection (100), (002), (101) and (102) peaks at RT. For 450 and 600°C, the formation of TGNPI achieved where (100) and (101) planes act as basal planes for the TGNPI hexagonal wurtzite phase of GaN. The (002) plane is dominant to other planes in this case due to TGNPI growing along the (002) axis. The estimated crystal structure lattice parameters for TGNPI grown at 600°C are a = (3.1600 ± 0.0023) Å and c = (5.2000 ± 0.0019) Å. These values are in good agreement with those listed in the standard JCPDS card for wurtzite GaN (card no. 50-0792). No cubic and other impurity phase of GaN was observed. Fig. 2(b) (High) and A 1 (LO) modes, respectively, as shown in Fig. 2 
(b).
For TGNPI grown at 600°C, a shift of 2 cm −1 towards lower wavenumber is observed which indicates the TGNPI structure contains a tensile stress of 0.4 GPa. Fig. 2(c) shows the FTIR spectra with a single peak of GaN vibration which appears at 556 cm −1 due to Ga-N stretching vibration 17 in the hexagonal type GaN crystal for samples grown at RT, 450 and 600°C. (Fig. 3) . For RT, the structure without the triangular morphology has been observed as shown in Fig. 3(a) . For 450°C partially nucleated triangular nanostructures were achieved as shown in Fig. 3(b) . Further, when we employed 600°C growth temperatures, uniformly developed controlled triangular nano prism islands were achieved as shown in detail in Fig. 3(c) . The sequential low resolution AFM images are also shown in Fig. S2 and S3 † which clearly demonstrate the TGNPI morphology. Fig. 3(d) represents the 3D image of the GaN island exhibiting the distinct and smooth sidewall faceting of TGNPI.
These GaN TGNPI consist of faceted surface enclosed by three sidewalls which results in a triangular cross-section. Although it is difficult to determine the detailed configuration of the triangular nanostructures due to the well-known convolution effect of AFM tips, and the protrusion of the nanostructures were several tens of nanometers. The average size of these GaN nanostructures can be estimated by calculating the average triangle size <l>, which can be defined as
where n is the total number of triangles per unit area. 17 The average size of the triangular nanostructures <l> is found to be ∼75 nm. Thus, these structures can be referred to as triangular GaN nano-prism islands (TGNPI). The formation of uniform symmetrical TGNPI were assumed to result from annealing of the Ga/Si(553) system. On annealing at 600°C, the Ga develop into thermally stable islands with an induced super structural phase {(111) 6 × 6 + modified (331)} 2 on the Si(553) substrate 15 and served as nucleation sites for TGNP growth. The measured internal angles of the TGNPI were found to be around 40°, 70°, and 70°where slight variations in measurements may be there due to the extraction of on-screen data. It indicates that the cross-section of a TGNPI would be an isosceles rather than an equilateral triangle, that is the observation of these triangular cross-sections is not a result of viewing along the sixfold crystallographic symmetry axis which is generally observed for hexagonal wurtzite structures. Instead, the isosceles triangular cross-section is a manifestation of the two-fold symmetry. The unique nanoscale isosceles triangle of GaN might also lead to interesting carrier-confinement effects at the triangle vertices. The deconvoluted XPS core level (CL) spectra of Ga(3d 5/2 ) of GaN using 2 keV-LENI at different substrate temperatures is shown in Fig. 4(a-c) . Deconvoluted Ga (3d 5/2 ) CL spectra (Fig. 4(a-c) ) comprised three peaks, main peak at binding energy (BE) 20.2 eV and two other smaller peaks at BE 18.4 eV and 20.9 eV. The component of BE at 18.4 eV signifies the presence of metallic Gallium adlayer (Ga-Ga) in the sample. 1, 18 Further, a chemical shift (1.4-1.5 eV) in the BE position of the dominating peak to the BE of the metallic Gallium peak has been observed in deconvoluted Ga (3d 5/2 ) CL spectra. The shift in the BE position is caused by a subtle change of the inner electron binding energy due to different chemical environments which arise from the difference between atomic valences. Thus the presence of a peak at 20.2 eV confirms the bonding between Ga and N atoms and describes the formation of the GaN bond. 1, 18 The occurrence of metallic Ga in Ga (3d 5/2 ) CL spectra indicates the presence of Ga atoms which did not interact with the N species. Furthermore, there is a strong tendency for GaN surfaces to be stabilized by Ga atoms in the surface layers due to the small lattice constant and high anion-anion bond strength for GaN compared to those of conventional III-V semiconductors. 19 A small peak at BE of 20.9 eV could be attributed to Ga-O bond formation in GaN since as-grown GaN samples were exposed to air during ex situ transfer to the XPS analysis and the presence of metallic Ga at the GaN surface also making the surface more susceptible for oxidation. Fig. 4(a) demonstrates the deconvoluted Ga (3d 5/2 ) CL spectra for GaN using 2 keV-LENI at RT. The ratio of area under the peaks of GaN/Ga (A GaN/Ga ) was found to be 1.7 which reveals the low extent of interaction of Ga atoms with N-ions at RT. Fig. 4(b) shows the formation of GaN using 2 keV-LENI at 450°C where a significant reduction in the contribution of Ga-Ga and Ga-O was observed. Further the value of A GaN/Ga was found to be 6.4, which signifies a higher nitridation at 450°C than RT. Since atomic diffusion is characteristic of the thermal process. Therefore, annealing of the substrate at 450°C provides thermal energy to the Ga atoms and the implanted light atoms that are mobile at elevated temperature can diffuse into the mother lattice. Also, there is less probability of thermal decomposition of GaN at low temperature. These considerations may be the reason for a higher nitridation at 450°C than RT. On further increasing the nitridation temperature to 600°C, the value of A GaN/Ga increased to 9.8 which indicates significant interaction of Ga atoms with N-ions. On further increasing the nitridation temperature (>600°C) a significant reduction in the Ga coverage was observed due to the desorption of Ga from the Si(553) surface. XPS CL spectra analysis revealed that 2 keV-LENI at 600°C provides the required energy for the high quality growth of GaN. Further, the contribution of Ga in Ga-rich GaN can be controlled by optimizing the substrate temperature. The deconvoluted CL-N (1s) spectra has also been shown for 2 keV-LENI at 600°C which contains a peak at 397.0 eV (GaN) along with three small peaks at 399 eV (N-O-Ga), 400 eV (N-H) and 401.7 eV (N-C). The peaks corresponding to N-H & N-C components might have occurred due to surface H-and C-adsorption, during ex situ sample transfer process. The energy structure of GaN/Si(553) was identified by valence band (VB) spectra. The corresponding VB spectra are shown in Fig. S4(a-c) (ESI †). There were two dominant structures except for the core level Ga (3d) peak, in the valence band spectra. The Gaussian fitted peaks of these two structures were centered at BE of 5.7 eV and 10 eV. The 5.7 eV feature is mainly due to nitrogen p-derived, and the peak at 10 eV is associated with hybridized Ga (s) and N ( p) states and the location of these two maxima agree well with the reported values and major density of state (DOS) features predicted in the band structure calculations. 20, 21 The RT grown GaN Fig. S4 (a) † as well as 450°C grown samples Fig. S4 (b) † have a slightly reduced intensity of nitrogen p-derived structure than the feature associated with hybridized Ga (s) and N ( p) states. While, these features have comparable intensity with the 600°C grown sample Fig. S4(c) . † As the Ga-component was different in various GaN samples and reduces with an increase in growth temperature up to 600°C as shown in Fig. S4(a-c) . † It suggests that the low temperature grown GaN sample exhibits a more nitrogen depleted surface which changes the line-shape of the valence band. Therefore, the feature associated with hybridized Ga (s) and N ( p) states remains intact, while the nitrogen p-derived structure reduced in intensity with higher nitrogen depleted surface in GaN which is further evidenced by photoluminescence spectroscopy where the PL intensity of TGNPI is higher compared to RT & 450 grown samples. The tail of the valence band spectra shows the existence of surface states below the unidentified accurate position of the VB maximum (VBM) where some energy states lie below the zero binding energy. If a significant number of occupied states in the band gap of GaN exist at the surface, photoemission could occur from these states and would cause the valence band leading edge to appear falsely and make it difficult to determine the position of VBM. These observed states, existing below the VBM, can result from various factors such as a small gallium component in the GaN sample, differences in film/surface preparation, defects, strain and contaminants. It is interesting to note that the reported BE values of CL Ga (3d)-VBM for GaN vary in the range of 17.1-18.4 eV and the VBM of clean GaN surfaces located in the 2.4-2.7 eV range below the Fermi level. 22 However, CL-VBM values are independent of the measurement artifact effects due to the existence of surface states. 22, 23 The leading edge of the Gaussian fit peak comes around 2.5 eV Fig. S4(c) † suggesting the position of VBM and the CL-VBM values to be 17.7 eV. Being able to visualize the optoelectronic devices on the basis of optical properties of the TGNPI, the photoluminescence studies were carried out. Fig. 5(a-c) shows the photoluminescence emission spectrum of GaN nanostructures upon 325 nm excitation wavelength at room temperature. Fig. 5(a) displays the photoluminescence emission spectra of GaN grown at RT, 450 and 600°C. The PL results reveal that the intensity of the PL spectrum of TGNPI grown at 600°C is ∼3 and 7 times higher than 450 and RT grown samples respectively. The observed higher PL intensity in the case of TGNPI grown at 600°C originates due to the higher crystallinity achieved which creates more electrons and holes for recombination as compared to RT and 450°C grown samples. The availability of the higher electron hole pair density in GaN nanostructures depends upon the contributions of GaN as well as N-p derivatives which control the recombination process. In the present case, the sample grown at 600°C has less N-p derivative as compared to RT & 450°C. The presence of higher p-derivative quenches the luminescence which can be easily seen in Fig. 5(a) . The PL results are in good correlation with the observed VB spectra as shown in Fig. S4 . † In order to explore the detailed mechanism of the photoluminescence phenomena of TGNPI grown at 600°C, we plot the separate PL spectrum of TGNPI grown at 600°C and deconvoluted the spectrum which are shown in Fig. 5(b) and 5(c). Mainly three dominant Gaussian fit peak structures centred at 366 nm, 420 nm and 545 nm have been observed besides the Gaussian residuals peaks around 345 nm and 461 nm as shown in Fig. 5(c) . The pronounced peak feature centred at 366 nm corresponds to the near-bandgap emission (NBE) for the GaN where the peak position is at a characteristic wavelength corresponding to the band-edge emission. 24 The contributions to the NBE that result in the broadening of the emission peak, can result from the excitons bound to neutral shallow donor impurities, point defects and structural defects such as stacking faults from the bottom interface of the nanostructures. 25 The residual peak feature results from the asymmetry in the PL peak structure that has emission around 345 nm, is blue-shifted relative to the GaN band-edge PL at 366 nm. The possibility of a blue shift peak feature may be due to the emission from the triangle vertices of TGNPI where the carriers are confined leading to an increased band gap on the basis of quantum confined states. Further, there was a small contribution of Ga at the surface of GaN nanostructures as observed in the XPS spectra as shown in Fig. 4(d) , which makes the surface more susceptible to oxidation. Perhaps oxidation of the surface leading to the formation of surface trap states, might also contribute to the emission in the spectral range of the blue-shifted PL. The sub-band-gap emission (SBE) is shown by the dominant sharp peak feature around 420 nm. In the case of silicon substrate, the possible cause for SBE emission may be attributed to the donor-acceptor pair recombination (DAP) 25 due to inter-diffusion of silicon atoms into the GaN nanostructures that has an n-type doping behaviour where the acceptor state is most likely related to unidentified intrinsic defects in the GaN lattice. In addition, there is a spectral feature consisting of the dominant broad peak structure observed at higher wavelength centred at 545 nm and the residual peak feature around 461 nm. The broad feature around 545 nm, which is yellow luminescence, is a well-known problem in GaN films. 26 These features result from the structural imperfections that are almost six orders of magnitude weaker with respect to the NBE feature which is characterized by the qualitative superiority of TGNPI with low defects. The band edge as well as defect states associated PL phenomena and their transitions can be easily understood by the proposed energy level diagram of TGNPI as shown in Fig. 5(d) . Time-resolved photoluminescence spectroscopy (TRPL) is a non destructive and very powerful tool to explore the photoluminescence transition. The PL decay life-time is an important parameter related to the quality of the material and its performance, which can be studied using TRPL spectroscopy, and is relevant particularly to applications such as optical displays, optical sensors, clinical diagnostics and bio-imaging. To study the recombination mechanism of the emission, we have carried out time-resolved PL by excitation with a laser line at 325 nm for all samples (grown at RT, 450 and 600°C). It is well established that the TRPL measurements on individually dispersed and as-synthesized GaN nanostructures give a PL decay time in the range of ∼200 ps to about ∼2.7 ns dependent on the temperature and the dimensions of the nanostructure. 10 Fig. S5 † represents the decay profile of samples grown at RT, 450 and 600°C. The life-time increases with respect to the growth temperature of the GaN nanostructures. Time-resolved decay profiles basically represent the efficiency of the radiative recombination which is directly proportional to the decay time of the particular transition either it is associated with the impurity or ion and defects. The obtained TRPL results are consistent with the acquired PL data. It is clearly evident that the PL intensity increases with temperature because the recombination part is enhanced with respect to temperature, as a result it can be easily understood that the life-time quenches for RT and 450°C where TGNPI either didn't grow or only partially grew. Fig. 6(a) shows the PL decay profile of the TGNPI grown at 600°C. The decay was recorded for the TGNPI transition at 366 nm emission obtained at room temperature upon 325 nm excitation wavelength of HeCd laser by a time-correlated singlephoton counting technique. The life-time data of TGNPI were very well fitted to a triple-exponential function as:
where τ 1 , τ 2 and τ 3 are the decay life-times of the luminescence, and A 1 , A 2 and A 3 are the weighting parameters. The observed life-times of the TGNPI are τ 1 ∼ 0.56 ns, τ 2 ∼ 0.96 ns and τ 3 ∼ 4.86 ns as shown in Fig. 6(b) . For triple-exponential decay, the average decay time (τ av ), was determined by the following equation:
The average PL decay time for TGNPI was calculated as τ av ∼ 2 ns. Such a decay time compares favorably with the PL decay time and carrier life-times observed in high quality bulk GaN threading dislocations densities below 10 6 cm −2 . 27,28 The obtained time-resolved spectroscopy results clearly demonstrate the triple exponential decay curve where the curve fitting generated relative contributions of different weighting parameters A 1 , A 2 , A 3 are 54%, 40%, 6% respectively. However, it is difficult to designate the energy states, types of defects and defect density which are associated with the obtained weighting parameters. It only reveals that three energy states are involved for such transitions corresponding to contributions of a three decay component in time resolved spectroscopy after exponential curve fitting. The cause of the three decay component present in TGNPI may be due to energy trapping in different defect states present in TGNPI structures which is explained by the proposed energy level diagram. Thus, the TRPL spectroscopy result suggests that the TGNPI is highly suitable for fast optical UV sensing/switching applications as well as high performance optoelectronic devices.
Conclusions
In conclusion, we have demonstrated the formation of TGNPI GaN from Ga/Si(553) system at low growth temperature by 2 keV-LENI implantation using a sputtering gun technique. High quality TGNPI formation is achieved using 2 keV ion energy at a substrate temperature 600°C. The morphology of the as-grown sample consists of GaN nano-prisms islands with a triangular cross-section. These TGNPI have blue shifted luminescence with a prominent GaN characteristic emission wavelength at 366 nm upon 325 nm excitation wavelength. The defects in the TGNPI are observed to be low which is shown by a six time lower intensity of defect related PL than the characteristic PL intensity corresponding to GaN. Time-resolved spectroscopy of TGNPI reveals that the nanosecond life-time holds promise for its potential application as an optoelectronic, UV sensor as well as a high performance optical switching application at the nanoscale level.
